In this paper, analysis of the energy audit of Food processing industry and Distillation and Bottling Company in Ota, Nigeria has been carried out. A walk-through energy audit of these industries was undertaken to identify the major sources of energy in use, identifying the lapses in energy usage, identifying areas to improve energy usage, determining the level of consumption of the energy sources and recommending policy measures that will enhance energy savings in the industries and Nigerian industries at large. The study observed that among a wide variation of end-use electricity consuming equipment, electric motors were the major consumer of electrical energy, accounting for 40-47% of total electric energy. Also from the identified energy use sources in the two industries, it was observed that fuel energy expended in operating the generating set, boilers or heaters in the industries had the highest value of energy use accounting for more than 65% of the total energy used. It was observed that none of the companies under review sufficiently utilized their energy as they all have their energy used ratio far below 1. This was as a result of some factors that contributed to energy waste and energy use inefficiency in the companies. Among these factors are: Poor in housekeeping of air-condition and refrigeration equipments and electric motors that dissipate much heat, use of electric motors that are weak and generate excessive noise because they have been rewound more than twice, improper lagging of boilers that lead to losing much heat, switching on of the lighting points in the day time and generation of electrical energy more than needed in the industry by some electric generator. The study concluded that energy is not sufficiently utilized in these companies and recommendations for efficient energy usage in the industries were proposed in this study.
Introduction
Energy is an integral component of a modern economy. It is an essential ingredient in nearly all goods and services, but its use exacts heavy financial, environmental, and security costs. A key method of reducing energy's costs while retaining its benefits is to use it more efficiently.
Energy, in its different forms, is required as continuous input to all industrial processes. The total energy consumption of the industrial sectors of developed countries contributes to around 30-40 % of total energy demand [1] .
All over the world, energy is the key input and basic need in industrial facilities for development, economic growth, automation and modernization in the industrial sector [2, 3] . However, global energy demands are increasing rapidly and this concern is addressed by international researchers on how to fulfil the future energy demand. The energy consumption was projected to increase by 33% from 2010 to2030 in the world [4] .
Energy use in the industrial sector varies widely between countries and depends principally on the level of technology used, the maturity of plants, the sector concentration, the capacity utilization and the structure of subsectors [5] . Energy use in industry is likewise heterogeneous. Each facility uses a different mix of fuels for a variety of purposes in converting raw materials into saleable products. Industries vary greatly in their overall level of energy use, because of differences in their output and energy intensity (energy use per unit of output) [6] .
In the industrial sector, energy is consumed for a wide range of activities, such as processing and assembly, space conditioning, and lighting. In aggregate, the industrial sector uses more energy than any other end-use sector, consuming about one-half of the world's total delivered energy [7] .
Electricity accounts for about a third of primary energy used by industries, with natural gas, petroleum, and coal accounting for about 28, 26 and 7%, respectively [8] .
Industries also use what are traditionally thought of as energy sources for non-fuel purposes. For example, industries such as chemicals and petroleum refining use crude oil, liquid propane gas (LPG), and natural gas as feed-stocks in producing products such as asphalt, gasoline, plastic resins and fertilizers. This non-fuel use of energy sources accounted for about 6.8 EJ in 1991 [9] .
Energy is one of the largest controllable costs in most organizations (especially manufacturing and processing industries) and there is considerable scope for reducing energy consumption and hence cost [10] . The benefits are reflected directly in an organization's profitability while also making a contribution to global environmental improvement in terms of energy conservation.
The concept of energy auditing was born shortly after the oil energy crisis in the early 1970s. Since there were many inefficient uses of energy, an auditor had a relatively easy job identifying opportunities for saving energy. Over the years, facility management become more energy conscious and as a result, energy efficiency of industrial processes increased dramatically [11] . Energy audit is a review of the total energy used and costs, normally performed in conjunction with a site investigation. It involves the classification of the energy sources and their contribution in running the factory. It provides a structural review of how energy is being purchased, managed and used with the aim of identifying opportunities for energy cost saving through improved services. It also gives the estimate of potential annual energy savings with implementation costs and pay back periods.
Energy survey is a methodical study to assess energy flows in a factory or building and establish a breakdown of the energy costs. Where performance is obviously poor, a full survey is needed.
Although Nigeria is relatively endowed with abundant fossil fuels and other renewable energy sources, the energy situation in the country is yet to be structured and managed in such a way as to ensure sustainable energy development, most especially in the industrial sector. Nigeria as a nation is passing through a serious energy crisis and it has been even more affected not by a lack of energy resources, but largely due to poor resource and financial management, a crippling dependence on imports particularly second-hand goods built with out-dated, inefficient technology etc [12] . As a nation that has limited technological capacity but sees industrialization as constituting a crucial leverage and pre-condition for meaningful development, Nigeria should be wise enough to manage her scarce energy resources judiciously.
The increasing role of energy efficiency as a catalyst for sustainable industrial development is realism in the industrialized countries of the world [13] . In Nigeria the story is different at the moment as the huge benefits derivable from adoption of energy efficiency and conservation measures by industries remain largely untapped due largely to lack of awareness of the economic and social benefits of energy efficiency measures. This, in addition to high incidence of power outages resulting to large scale use of own power generation and lack of investment capital have given rise to high specific energy content of goods produced by industries in Nigeria. The cumulative effect is loss of competitive edge in the global market by these industries and low after-tax returns. This constitutes a major disincentive to investment and sustainable industrial growth. As a matter of utmost importance, industries in Nigeria should take advantage of opportunities in low level, low risk but high worth energy efficient measures that reduces the bottom line of any business enterprise. In so doing, a lead time will be created to pursue high-tech driven production processes that will find support at maturity in an already established energy efficient culture.
The whole purpose of energy efficiency is to minimize the amount of energy used to get a desired effect. There are various principles that can be followed in energy management whose focus is the reduction of energy productivity and they include; historical energy use review, energy audits (review of current practices), thorough analysis of energy use (engineering analysis, computer simulation, availability studies, e.t.c.), aggregation of energy uses, energy conservation to mention but a few [14, 15] .
Several studies of industrial energy efficiency in Nigeria have been performed in the last few years, and the results from the studies have been fairly consistent-that there is a readily achievable, cost-effective, reduction in industrial consumption using good energy management practices and energy-efficient equipment [16,17,18,10,19 etc] .
The objectives of this study are: (i ) to examine the pattern of energy consumption in Food Processing Industry and Distillation & Bottling Company, (ii) to identify the sources of energy waste in the selected industries and (iii) to develop appropriate strategies for effective energy savings in the industries surveyed.
Methodology

Study Area
The two industries surveyed in this study are located in Ota, Ogun State, Nigeria. Brief description of these industries is as follows:
Case Study I -Food Processing Industry The Company is essentially a food processing company with a total yearly output of 24,000 tonnes of products. There are however four factories in the plant visited with each producing various products ranging from savoury seasons, tea bags, soap, detergents. The factory under consideration in this study is the savoury season factory which produces food seasoning the two products under production in this factory are seasoning 1and seasoning 2.
Raw materials for seasoning 1 includes: salt, m.s.g., spices, h.v.p and fats while that of seasoning 2 includes salts, sugar, ribotide, flavour, fats, caramel, citric acid and water.
The main sources of energy utility for the plant are electrical, thermal and manual. The primary source of electrical energy is either from the national grid or the company's power generating set.
Power generation in this company has been contracted to external power generating company to produce electricity for the company. However, the company has six generators which include four gas generators and two diesel generators to act as standby generators. Each of these generators has a rating of 1000KVA with only three of these generators supplying electricity to the savoury season's factory and tea bags factory. It has some equipment/machines e.g. pumps, motors, boilers, chillers, compressors etc that uses electricity as their source of energy.
Case Study II -Distillation & Bottling Company
The company produces and markets leading quality products ranging from Spirits, Dry Gin, Red Wine, Alcoholic Drinks and Non-Alcoholic Fruit Juice. The focus of this study is on production of non-alcoholic fruit juice.
The major sources of energy used in the factory includes: electrical, thermal (fuel) and manual energy. The Company's primary source of power supply is the Power Holding Company of Nigeria (PHCN) and 2 giant generating sets as back-up. It has some equipment/ machines e.g. pumps, motors, boilers, chillers, filler machine, capping machine, compressors etc that uses electricity as their source of energy.
Numerical Data Collection and Analysis
Data was collected from the industries under study through the following methods;
1. On-site study of all unit operations in the industries. 2. Structured questionnaire was administered on patterns of energy use by the selected industries for the period 2006 -2010.
3. Oral interviews. 4. Secondary data source from the selected companies' publications (unpublished) were also used.
For the two companies under study, the following data were collected:
• Electricity, diesel, and gas consumed per annum over 
Data Analysis
From the data collected, the following procedural steps were taken to get them analyzed and presented in the required forms:
-Energy types (electricity and fuel) were identified and collated -Annual consumption for each type was determined.
-The percentage breakdown of total consumption was calculated -The energy use ratio of each company per year was determined to establish energy utilization pattern -Energy productivity in GJ/kg was determined - Tables and figures were prepared showing total annual consumption for each energy type for the audit period.
Energy Evaluation: 2.4.1. Evaluation of Electrical energy
The electrical energy input p E in kwh is obtained by multiplying the rated power of the electrical motor, p in kw with the corresponding hours of operation t, the motor efficiency, η, is assumed to be 80% Fadare, et al [20] p E pt 
Evaluation of Thermal Energy
The thermal energy input f E was calculated based on quantity of fuel used to generate steam in the boiler. The quantity of fuel W in litre is converted to J by multiplying the quantity consumed by corresponding calorific value,
Evaluation of Manual energy
Manual energy input, m E in kW was estimated based on the maximum continuous energy consumption rate of 0.30kW and conversion efficiency of 25%. According to Odigboh [21] and Norman [22] , the physical power output of a normal human labour in the tropical climate is approximately 0.075kW sustained for 8-10h workday. 
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Total energy Input
For each unit operation the total energy input is given as:
Total Energy Content (Energy Output) of Finished Product
This total energy content of finished product was evaluated from the equation below 
Energy Used Ratio
Energy use ratio was evaluated as: 
Results and Discussion
The study reveals the various unit operations carried out at the selected industries for distillation & bottling processes and production of savoury seasons. These are depicted in Figure 1 and Figure 2 below respectively.
The results of energy usage pattern in the selected manufacturing and processing industries considered in this study are presented in this section. These data are recorded in tabular form. Table 1 and Table 2 show the annual energy consumption and production output for food processing industry and distillation & bottling company respectively. The highest energy consumption and highest production recorded in the selected industries are 66,221GJ, 197,760 tonnes and 54,324 GJ and 128,740 tonnes respectively. These were all recorded in the year 2010. The least energy consumption and production output recorded are 52,892GJ, 39,552 tonnes and 49,271 GJ, 108,960 tonnes respectively. These were recorded in the year 2006.
The summaries of the percentage total energy consumed for the five years period for the selected industries are given in Table 3 and Table 4 . Table 3 shows that manual energy expended in operating machines and lifting of loads was found to be the least consumer of energy accounting for 1.7% (on average)of the total energy input on for the 5 years period of study . The gas fuel energy was expended in operating gas generator and was the highest energy consumer and on average it accounted for 68% of the total energy input for the years studied. Table 4 shows the summary of the percentages of total energy consumed in distillation & bottling company for the period of five years of study. Contrary to Table 3 , the least energy consumed was electricity from National grid (i.e from National grid) accounting for 4.66% on average. Reason for this might be as a result of epileptic nature of power supply from Power Holding Company Nig. Plc (PHCN). Diesel fuel energy expended in operating diesel engine was the highest consumed source of energy and it accounted for 69.6% on average.
Patterns of electrical energy consumption by various industrial equipment used for different stages of operation at food processing industry is depicted in Figure 3 . Wrapping process accounted for highest electrical energy consumption (80%) counting machine accounted for 0.2% of total electrical energy consumed in the production line. Figure 6 show electrical energy consumption pattern of electrical appliances and equipments available in the industries surveyed. Out of 120.60 GJ of energy consumed in every production at food processing industry, electrical motor accounted 40% of total energy consumed ( Figure 5 ) while lightning accounted for 2% as the least electrical energy consumer. Figure 6 shows electrical energy consumed in percentage by electrical appliances and equipments in distillation and bottling company. Electrical motor also accounted for highest energy consumer (49%) and the least is standing fan (0.36%). 
General Observations
One of the aims of the walk-through audit is to identify bad practices, inefficient equipment and poor energy habit in order to save power consume. From walk-through energy audit carried out at the food processing industry and distillation & bottling company, energy saving opportunities in the following sections was observed:
• Heating, Ventilation and air-conditioning (HVAC) System Heating, ventilating, and air-conditioning (HVAC) is an important use of energy in the industrial sector. The environmental needs in an industrial operation can be quite different from residential or commercial operations.
At the two industries surveyed, it was observed that aircondition and refrigeration equipments were dirty and dissipating much heat. It was also observed that there was no minimum temperature setting for air conditioners and refrigerators so that staff can use it for regulating their temperatures.
In these industries, energy can be saved if: i. The heat exchangers are regularly cleaned for easy heat transfer.
ii. They are not placed in direct access to sunlight or heat dissipating objects.
iii. Cooling temperatures are set for the entire company to avoid wastage.
iv. Doors should be fitted with springs to allow for selfcontrol to trap cold air.
v. Consider the provision of fresh air of constant temperature in the factory by the installation of a new ventilation system using a rotary heat exchanger. The warm exhaust air heats the incoming air in the exchanger. The temperature is controlled by the number of revolutions of the exchanger
• Electrical Drives Electric drives of one type or another use 68% of industrial electricity. Examples include electric motors, machine tools, compressors, refrigeration systems, fans, and pumps. Improvements in these applications would have a significant effect on reducing industrial electrical energy.
It was observed at the industries visited that some electric motors are weak and generate excessive noise because they have been rewound more than twice. Also, it was observed that some of the motors were dirty, dusty and poorly ventilated.
Some energy can be saved by: i. Reconfiguring electrical motors from delta to star connection which will make it run at less than 33% of the rated output.
ii. Replacement of old electric motors with new ones iii. Proper house-keeping and operation of electric drives. Good ventilation reduces energy loss to heating iv. Install variable speed drives and soft-start options on electric Motors
• Electric Process Heat Electricity is widely used as a source of process heat due to ease of control, cleanliness, wide range in unit capacities (watts to megawatts), safety, and low initial cost. Typical heating applications include resistance heaters (metal sheath heaters, ovens, furnaces, boilers), electric salt bath furnaces, infrared heaters, induction and highfrequency resistance heating, dielectric heating, and direct arc electric furnaces.
In these industries surveyed, boilers were observed to be losing much heat because they are not properly lagged. Energy can be saved in these industries by:
i. Replacement of ageing boilers with new and much smaller boilers to reduce energy wastage.
ii. Considering investing in high-precision burner controls for continuous correct air-fuel ratio management iii. Considering recovery of flash steam from condensate and consider using the recovered low-pressure steam elsewhere iv. Proper lagging of pipes carrying steam from boilers to the factory so as to reduce heat lost to the environment.
• Lighting Industrial lighting uses about 20% of electrical energy and 7% of all energy. Of all lighting energy about 20% is industrial, with the balance being sizes of systems, energy management opportunities in industrial lighting systems are similar to those in residential/commercial systems.
During the walk-through, it was observed that some of the lighting points were on even though the sunlight was bright enough to provide illumination. Energy consume through lighting can be reduced by:
i. Providing electronic control to conserve daytime power waste for lighting. Energy conservation of the order of 10% can be achieved by making arrangement to switch off lights automatically when not required.
ii. Replacing lower-efficiency lighting with more efficient (or energy saving) types (e.g., mercury lamps with HP sodium lamps) and replace all standard fluorescent tubes with high-efficiency tubes (T* series).
iii. Painting the factory walls and ceilings with white or lighter colours and use the light reflectance to improve the brightness of the workplace.
• Electric Generator In the course of walk-through energy audit, it was observed the electric generator used at distillation and bottling company generate energy more than needed in the industry. This results in energy (i.e fuel) wastage and high cost of production. Energy wastage can be reduced by:
i. Considering getting smaller generator for load shedding as this will minimize energy wastage ii. Replacing diesel generator to gas generator. As gas is cheaper, cleaner and burns readily in air.
Recommendations
Based on the discussion and data from the audit report from industries surveyed, the following can be recommended as measures to conserve energy:
i. Retrofit of all the 4-feet fluorescent and incandescent lamps with Compact Fluorescent Lamps CFLs.
ii. Put spring mechanism on the door of rooms with A/Cs for unmanned closing of the doors.
iii. Switching off most lighting during day time. iv. Reduce steam leakages along pipelines and improve lagging of steam pipes;
v. Install electric meters in major production and administrative units to monitor/curtail power wastages in each unit thereby reducing energy cost on power vi. Significant capital investment should be made in replacement of inefficient energy consuming equipment to reduce the energy consumption vii. Motivation for energy conservation among workers From the study a number of important policy implications are implicit. These include:
• High energy cost has adversely affected employment situation in the industry. Retrenchment of workers/reduction in number of shifts is always an easier way of reducing cost than other options such as energy efficiency;
• Energy reduction is another substitute for job reduction and both companies and government as well as development partners should be actively engaged in industrial energy efficiency options in developing countries, like Nigeria;
• In these companies' plants, many machines are very old and thus do not meet the highest energy efficiency standard;
• In these companies, lots of heat energy are generated as by-products but are not being reused at other parts of the plants but simply thrown away;
• National benchmarks for energy consumption in the various industrial processes are not available;
• Possibility of joint production of power by companies is there but such independent power generation depends on reliable gas supply and competitive energy prices;
• Need for case studies and concrete measures which can be followed by companies to become more energy efficient. In other words, technological advice on energy efficient options will be very useful;
• The need to help in developing cases for small and medium scale power plants and providing information about industrial energy-use;
• Finance for investment in energy efficiency not readily available either from retained earnings or bank loans due mainly to the financial crisis; and
• Need for incentives or subsidies on investments in energy efficiency. Since companies pay fine for polluting the environment with generators, they should be rewarded for greening the environment with energy efficient machines/processes.
• Just like the National Agency for Food, Drug Administration and Control, (NAFDAC) empowered to check all food and drug that are imported to the country and even to have a say on what comes to Nigeria from their primary place of production overseas, both governmental and non-governmental engineering bodies/organizations should be empowered alongside with Standard Organization of Nigeria (SON), Council for the Regulation of Engineering in Nigeria (COREN) by the Nigeria government to formulate and implement policies to promote energy conservation and efficiency in Nigerian industries in general.
Conclusions
This research work examined the pattern of energy consumption in food processing industries and distillation & bottling company in Ota, Nigeria; identified the sources of electrical energy waste and assessed the effectiveness of the strategies for electrical energy savings in the industries.
The sources of energy in the industries surveyed comprise of manual, fossil fuel (diesel and gas) and electricity (from National grid). The pattern of electrical energy consumption in the companies investigated was mainly from generating set; this was due to either low voltage or epileptic power supply from national grid. For the period of five years (2006 -2010) , the percentage of electric energy consumed (from National grid) is 25.38% for food industry and 4.66% for distillation & bottling company. Whereas, percentage of fossil fuel consumed is 68.07% (Gas) for food industry and 69.6% & 20.25% (diesel and heavy oil respectively) for distillation and bottling company. The areas where the industries surveyed use and waste energy, and where actions for energy conservation can be implemented have been identified. Energy use lapses identified in this study were due to lack of good energy conservation practices (such as replacing worn out engine parts), diesel leakage, steam leakage from steam pipeline and ageing of machines/equipment.
The results of the analysis made over the five years period show that energy was not efficiently utilized at the companies surveyed. In food processing industry, the energy productivity decreased substantially from 1. . Based on the energy used ratio, it shows that none of these industries utilize energy effectively as the energy ratio computed is less than unit.
In order to curtail unnecessary wastage of energy and to reduce cost of energy consumption, the following factors must be critically looked into:
• Procurement of test equipment for energy monitoring in the factory.
• Significant capital investment to improve the energy consumption
• Detailed audit to identify the causes of energy wastes.
• Proper maintenance and control must be done in order to improve the energy productivity.
